1. Introduction
===============

Colorectal cancer remains one of the most highly prevalent diseases worldwide.^\[[@R1]\]^ In Taiwan, the incidence rate of colorectal cancer has been the highest among diseases common for both sexes for many years. In total, 14,040 persons were diagnosed with colorectal cancer (age-standardized incidence rate per 100,000 persons was 45.3) in 2011 alone.^\[[@R2]\]^ From 1995 the earliest implementation of the United Kingdom to the present,^\[[@R3]\]^ many countries used "multidisciplinary team" (MDT) model to do a better job of cancer treatment and care.^\[[@R4],[@R5]\]^ MDT has been implemented by the Health Promotion Administration in Taiwan since 2004, and provides integration and continuity of cancer diagnosis, treatment, and care from physician, surgeons, pathologists, and nurse in accordance with "Regulations for Cancer Care Quality Assurance Measures."^\[[@R6]\]^ It also includes psychological counseling, social worker service, spiritual care, cancer care, pain control, nutrition, health education and medication counseling, rehabilitation, discharge planning, hospice or home care service, and patient support group information.

In fact, many studies have mentioned that a MDT contributes to a better clinical manifestation of colorectal cancer treatments such as early detection and early treatment,^\[[@R7]\]^ the standardization of treatment guidelines,^\[[@R8]\]^ and the correct computed tomography (CT) and magnetic resonance imaging (MRI) examination methods^\[[@R9]\]^ and will improve the survival rate of patients with colorectal cancer.^\[[@R10],[@R11]\]^ Moreover, several studies stated that it had better clinical outcomes in use of MDT in the treatment of other cancer areas such as lung cancer,^\[[@R12],[@R13]\]^ oral cavity cancer,^\[[@R14],[@R15]\]^ hepatocellular carcinoma,^\[[@R16]\]^ and esophageal cancer.^\[[@R17]\]^ However, 1 systematic review study included 27 articles with a comparison group of MDT and pointed out that MDT improvement in the effectiveness of treatment including colorectal cancer treatments was limited.^\[[@R5]\]^ Another systematic review study of breast cancer has similar conclusion that there are a paucity of evidences to support MDT care being associated with better survival.^\[[@R18]\]^ Current studies on MDT have yet to reach consensus that requires further in-depth discussion.

It is mentioned in the National Comprehensive Cancer Network (NCCN, Fort Washington, PA) and many colorectal cancer care guidelines^\[[@R19]\]^ that patients after any cancer treatments should immediately seek care for medical emergencies such as fever, severe diarrhoea or vomiting, shortness of breath, and bleeding. In clinical, studies have found that the poor quality of cancer treatment will result in more emergency care visits.^\[[@R12],[@R20]\]^ Other studies have also demonstrated that a monitoring mechanism should be established to ensure the quality of treatment for colorectal cancer and the number of emergency care visits.^\[[@R21],[@R22]\]^ More studies have shown that emergency care is the classic indicator related to poor postoperative cancer care.^\[[@R8],[@R23]\]^ In fact, clinical statistics related to emergency care have shown that 0.9% of emergency department visits were cancer-related diseases in the United States, of which 7.7% of visits were colorectal cancer.^\[[@R22]\]^ In Taiwan, the percentage was as high as 1.9% (\>0.9, in the USA) of emergency department visits related to cancers.^\[[@R24]\]^

From the above mentioned literature reviews, we found that there are different perspectives and discussions on the effects of MDT on the improvement of the quality of cancer care. In particular, literature discussion on the effectiveness of MDT in the treatment of colorectal cancer is limited, and studies generally have insufficient evidence to support data analysis (eg, no representative samples or without a comparison group of MDT).^\[[@R5]\]^ Therefore, the aim of this study was to investigate the influence of MDT on the quality of treatment of colorectal cancer, and the number of emergency care visits was used as an indicator to enrich MDT literature and provide clinical reference for colorectal cancer treatment.

2. Materials and methods
========================

2.1. Data sources
-----------------

This study used 3 secondary datasets. The "Taiwan Cancer Registry" from 2005 to 2009 published by the Taiwan Health Promotion Administration is used as the source of study subjects that along with the "National Health Insurance Research Database" (NHIRD) from 2002 to 2010, provided by Taiwan Ministry of Health and Welfare, was applied to analyze the health status of the study subjects before and after diagnosed cancer, use of medical resources, cancer treatments, and characteristics of cancer patients judged at that time. Furthermore, "Cause of Death Data" from 2005 to 2010 was used to determine subject death. In December 2009, 23,026,000 persons were insured,^\[[@R24]\]^ constituting 99.59% of the population in Taiwan (23,120,000 persons)[@R24] therefore, this is representative research data for Taiwan.

2.2. Subjects
-------------

In this study, 45,418 patients with newly diagnosed colorectal cancer (ICD-9-CM code: 153.x, 154.x, A093, A094) from 2005 to 2009 were included in the study. Twenty-four patients who died within a month of confirmed diagnosis, 4402 patients who did not receive active treatment (surgery, chemotherapy, radiation therapy, or others) within a year, 41 patients who received palliative care or received treatment at medical institutions other than a hospital and 16,709 patients who had incomplete information such as demographic profile or cancer staging were excluded. At the end, there were 24,242 people being enrolled (Fig. [1](#F1){ref-type="fig"}). This study was approved by China Medical University Hospital (IRB No.CMUH102-REC3--076).

![Subjects recruited flowchart.](medi-96-e7092-g001){#F1}

2.3. Variable description and definition
----------------------------------------

Because the purpose of this study was to investigate the effect of MDT care on the use of emergency care by colorectal cancer patients, the independent variable was the MDT care participation status (participation/nonparticipation). Dependent variables included whether the patient used emergency care or not and the utilization of emergency care within a year of cancer diagnosis, whereas noncancer visits were excluded. We also included 14 controlled variables^\[[@R11],[@R12]\]^ such as demographic characteristics (sex, age), socioeconomic status (monthly salary), environmental factor (urbanization level of residence area), health condition (Charlson Comorbidity Index \[CCI\], catastrophic illness/injure, number of outpatient visit, number of inpatient visit), cancer severity (cancer staging), hospital characteristics (hospital level, hospital ownership) and annual service volume (hospital, physician) as shown in Table [1](#T1){ref-type="table"}. For the health condition variable, the extent of comorbidity was presented as (CCI adapted by Deyo et al.^\[[@R25]\]^

###### 

Operational definition of variables and data sources.
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2.4. Analytical methods
-----------------------

We performed the statistical analyses with SAS 9.3 software (SAS Institute Inc., Cary, NC). Because participation/ non-participation in MDT care was not randomized in this observational study, we employed the propensity score matching (PSM) method to reduce selection bias arising from participation/nonparticipation in MDT care.^\[[@R26]\]^ The predicted probability of participating in MDT care was calculated by a logistic regression model including confounders (10 variables). The likelihood of participating in MDT care was the propensity score, and the probability (0-1) was used for matching the closest groups with precision calculation. As a result, the study group and control group were generated for participation and nonparticipation in MDT care, respectively. Chi-square test was performed between the study and control groups to ensure similar distribution with regard to each variable.

First, to evaluate the distribution difference, bivariate analysis of *χ*^*2*^ test was performed to examine the number of patients who had visited the emergency department within a year of cancer diagnosis for each relevant variable. A *t* test or analysis of variance (ANOVA) was then performed to analyze the number of visits to the emergency department within a year of cancer diagnosis. Means were calculated, and the differences and correlation were evaluated accordingly.

Next, 2 regression models involving controlled variables (14 variables) were used. A logistic regression model was employed to examine the probability of emergency care used by patients participating or not participating in MDT care within a year of cancer diagnosis. Finally, the Poisson regression model was used to analyze whether participating in MDT care influences the number of visits to the emergency department within a year of cancer diagnosis.

3. Results
==========

The ratio of participation/nonparticipation in MDT care was approximately 1:3 among 24,242 patients; thus, the same ratio was used in PSM. After the matching, a total of 12,156 subjects were included in this study: 3039 colorectal cancer patients participating in MDT care formed the study group, whereas 9117 non-MDT care participants formed the control group (Fig. [1](#F1){ref-type="fig"}). Chi-square test was then performed to examine the distribution of number of patients in the 2 groups and to determine the distribution was similar with regard to each variable (*P* \> .05). The variables included sex, age, monthly salary, CCI, catastrophic illnesses/injuries, colorectal cancer staging, level of the hospital, hospital ownership, annual service volume, and physician service volume, as shown in Table [2](#T2){ref-type="table"}.

###### 

Results of study and control groups after PSM.
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Table [3](#T3){ref-type="table"} shows the results of *χ*^*2*^ test performed without the control of other variables to examine the utilization of emergency care within a year of cancer diagnosis and the results of *t* test or ANOVA performed for each variable to examine the mean number of visits to the emergency department within a year of cancer diagnosis. The percentage difference between participation/nonparticipation in MDT care was 0.03%, and mean and standard deviation values for 2 consecutive variables were the same, showing no significant difference (*P* \> .05). However, the utilization of emergency care within a year of cancer diagnosis exhibited significant differences (*P* \< .05) in demographic profile, health condition, and treatment method. The most frequent emergency care utilization was observed in the following cases: the youngest group (≤44 years) (28.28%, mean: 0.56 ± 1.44), second-lowest income group (NT\$ 1--17,280) in terms of socioeconomic status (26.60%, mean: 0.46 ± 1.09), most severe comorbidity (CCI ≥ 10) (32.33%, mean: 0.48 ± 1.11), colorectal cancer stage IV (37.22%, mean: 0.74 ± 1.51), receiving the most therapies (3) (30.80%, mean: 0.62 ± 1.42), public hospital in terms of hospital ownership (28.16%, mean: 0.28 ± 0.45), lowest service volume of physician (30.20%, mean: 0.58 ± 1.20), most outpatient visits (≥26) (28.13%, mean: 0.52 ± 1.26), and most inpatient visits (≥3) (52.13%, mean: 1.21 ± 1.86).

###### 

The result of emergency care utilization by bivariate analysis.
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As shown in Table [4](#T4){ref-type="table"}, a logistic regression model involving controlled variables was employed to examine the probability of emergency care used by patients within a year of cancer diagnosis, and the Poisson regression model was used to analyze whether participation in MDT care influenced the number of visits to the emergency department within a year of cancer diagnosis. The logistic regression model involving controlled variables demonstrated that OR for participation MDT care groups within a year of cancer diagnosis was less than that for nonparticipation MDT care groups (odds ratio, OR = 0.87, 95% confidence interval, CI = 0.78--0.96) and exhibited significant differences (*P* \< .05); this was different from the results of analysis without controlled variables (shown in Table [3](#T3){ref-type="table"}). For controlled variables, the groups with a higher probability of emergency care used by patients within a year of cancer diagnosis were as follows: the youngest group (≤44-years old), colorectal cancer staging IV (OR = 2.71, 95% CI = 2.27--3.25), private hospital (OR = 0.85, 95% CI = 0.77--0.94), most outpatient visits (≥26) (OR = 1.78, 95% CI = 1.51--2.10), and most inpatient visits (≥3) (OR = 4.97, 95% CI = 3.52--7.02); all of these exhibited significant differences (*P* \< .05).

###### 

Effect and factors of MDT on utilization of emergency care by patients within a year of cancer diagnosis.
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Finally, as shown in Table [4](#T4){ref-type="table"}, the Poisson regression model involving controlled variables demonstrated that the number of visits to the emergency department within a year of cancer diagnosis was significantly lower in patients participating in MDT care than in those not participating in MDT care (β =  − 0.19 ± 0.03, *P* \< .05). This result is different from that of analysis without controlled variables (shown in Table [3](#T3){ref-type="table"}). For controlled variables, the groups with a higher utilization of emergency care by patients within a year of cancer diagnosis were as follows: males (β = 0.13, 95% CI = 0.07--0.19), the youngest group (≤44 years old), medium urbanization level of residence area (Level 4 & 5) (β = 0.13, 95% CI = 0.04--0.22), colorectal cancer stage IV (β = 0.90, 95% CI = 0.78--1.03), and most inpatient visits (≥3) (β = 1.43, 95% CI = 1.20--1.65); all of them exhibited significant differences (*P* \< .05).

4. Discussion
=============

This study discovered that MDT can effectively reduce the number of emergency treatment events for colorectal cancer patients. It explained that patients participate in MDT can lead to a better clinical condition for colorectal cancer patients. The findings concerning these 2 emergency care utilization indicators are not only consistent with those reported in a lung cancer study,^\[[@R12]\]^ which used the same observation indicators, but also MDT is helpful in increasing the survival rate of colorectal cancer patients^\[[@R11]\]^; similar findings have also been reported in numerous studies on other cancers, such as non-small cell lung cancer^\[[@R13]\]^ and oral cancer,^\[[@R14],[@R15]\]^ in Taiwan. In Taiwan, further inference that cancer treatment and care quality have been enhanced with the successful implementation of MDT, indicating that MDT is an effective health policy. However, in contrast the unanimous results from Taiwan, 2 systematic literature reviews indicated that conclusions regarding MDT were not unanimous in the rest of the world, where several studies discovered that the treatment effect of MDT was rather limited.^\[[@R5],[@R18]\]^ In addition to the differences in the aspect of implementation, research quality may contribute to varying conclusions. Some studies have proposed possible causes, including the lack of using whole population cohort study, not using comparison groups of MDT, not controlling adequately for potentially confounding and others, as reasons for these discrepancies.^\[[@R5]\]^ This generational research-based study used nationwide population as study subjects (45,418 patients), divided the patients into study and control groups, and used 2 steps to control adequately for potentially confounding.^\[[@R27]\]^ As shown in Table [2](#T2){ref-type="table"}, the PSM technique was used to decrease the selection bias between joining and not joining MDT. The logistic/Poisson regression model and 14 control variables were then employed to eliminate the interferences on dependent variables (using/not using emergency care). As Table [3](#T3){ref-type="table"} shows, without control variables, whether patients joined the MDT did not have an obvious influence on using emergency care. However, as shown in Table [4](#T4){ref-type="table"}, patients joined the MDT had obvious reductions in the probability of emergency care (OR) and the number of visits to the emergency department (β) after controlling for variables. As a whole, these research steps have fully indicated that, in terms of the demands and suggestions for a high-quality research method, this study is similar to the studies mentioned above.^\[[@R4],[@R5],[@R27]--[@R29]\]^ In addition, this study reached the same conclusions similar to outcomes of other MDT studies in Taiwan, and also got a positive conclusion.^\[[@R11]--[@R15]\]^

This study, in which conclusions were arrived at based on rigorous research methods, indicates that it is feasible to employ "the status of using emergency treatment" as a reference indicator of quality of MDT-based treatment and care of colorectal cancer patients. We hope that the proposed reference indicator "the status of using emergency treatment" intended to serve as the basis for medical management units and government to enact health policies, can help to enhance the MDT-based treatment and care of colorectal cancer patients, and can be easily and effectively measured.

Although some studies have shown that there is no discrimination in terms of age in the healthcare system, the incidence, treatment and care of colorectal cancer have significant differences in different age groups. For example, young age is associated with advanced stage and higher recurrence of colorectal cancer in comparison with older age, while the young patients are more active in treatment than old patients.^\[[@R30]\]^ One study compared probability of 27 cancer specific variations in emergency care utilization. Although no notable age differences were detected in many cancers, the probability of emergency care utilization had a U-shaped relationship with age in colorectal cancer case,^\[[@R31]\]^ such that the probability of emergency care utilization initially decreased (represented by a negative slope until the age of 55--64 years) and then increased (positive slope) with age. We found similar results; the least probability of emergency care utilization appeared in the age group of 55 to 64 years, and the overall probability of emergency care utilization exhibited a U-shaped relationship with age. In addition, the results of the 2 studies mentioned above and those of the current study indicated that the probability of emergency care utilization had an extremely similar distribution between age groups. However, the sample of this study included residents of Taiwan, which is apparently different from that of the above 2 studies (United Kingdom and United States). The race, geographic location, diet, and medical conditions differ as well, but the conclusion is similar.

On the other hand, the finding of 2 studies with regard to the probability of emergency care utilization by sex was not consistent. One study indicated that male colorectal cancer patients had a higher risk of respiratory or surgery complications; the interventional measures resulted in a higher probability of emergency care utilization in males than in females.^\[[@R30]\]^ The result of the current study also showed more emergency care utilization in males than in females, and there was a significant difference. On the other hand, the opposite was demonstrated in another study, in which 27 types of cancers were analyzed, and in 12 of these, an apparently higher probability of emergency care utilization was observed in males than in females. However, female had a higher probability of emergency care utilization than males in 7 of the cancers. Among these 7 cancers, the probability of emergency care utilization in colorectal cancer was apparently higher in females than in males, and the difference was significant.^\[[@R31]\]^ It can be inferred from this study that the differences may be caused by the characteristics of each study sample, and further investigation targeted at larger samples is required. After examining the probability and frequency of emergency care utilization presented by other variables, we found that the deterioration of health conditions, such as advanced cancer staging and increase in outpatient visits and inpatient visits, increases the probability and frequency of emergency care utilization and there were significant differences among groups, which is consistent with the results of many studies on survival of patients with colorectal cancer.^\[[@R11],[@R32],[@R33]\]^ Some studies suggested that patients with advanced colorectal cancer received the best quality of overall treatment with MDT,^\[[@R34],[@R35]\]^ which means that with the advance of colorectal cancer, the challenges to diagnosis, treatment and care would be greater. We hope to see more investigators dedicate their research in this area in the future. However, this study was limited to the secondary database, and patient emergency care by the urgency level was not addressed; therefore, the necessity was not investigated either. This may be considered in a future study.

5. Conclusions
==============

The aim of this study was to investigate the effect of MDT on colorectal cancer care. Using nationwide population as the study subjects, and controlling adequately for potentially confounding, this study discovered that the 13% probability of emergency care for patients was decreased in patients participating in MDT. On an average, the number of emergency department visit decreased by 0.19 per patient. This suggested that MDT was favorable in achieving better clinical outcomes in patients. Moreover, this study suggests that the 2 quantitative indicators of the status of using emergency treatment be used as an important reference indicator for the quality of MDT-based treatment and care for colorectal cancer patients, which could serve as a basis for subsequent medical management and enactment of policies. This study, in which a large amount of data was collected and rigorous statistical methods were used, confirmed that MDT could enhance the quality of cancer treatment and care, which should be strongly recommended in other countries as an advantageous solution for improving the quality of treatment and care of colorectal cancer patients.
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